Objective To compare readings obtained using two automated blood pressure (BP) recording devices, BpTRU and Omron 907, in a clinical setting.
Introduction
The Canadian Hypertension Education Program and other national guidelines now recommend automated measurement of blood pressure (BP) outside the office setting for making a diagnosis of hypertension [1] [2] [3] . Recording BP with self-measurement devices in home or by 24-h ambulatory BP monitoring (ABPM) is superior to conventional office BP for predicting clinical cardiovascular outcomes [4] . Use of out-of-office BP recordings in routine clinical practice is, however, not always feasible. The next frontier for automated BP measurement will be in the office examining room.
In the last few years, there has been increasing use of automated BP devices, especially in Canada where the BpTRU was developed specifically for professional use [5] . This device makes it possible to record BP while the patient is resting quietly alone in the examining room. Factors which contribute to measurement error when conventional mercury or aneroid devices are used to measure BP can be minimized, including observer error and patient-observer interaction such as conversation while readings are being taken. The novel feature of the BpTRU is the automated recording of multiple BP readings without any involvement of the patient or the observer in activating the device.
To date, most of the research on automated office BP measurement has utilized the BpTRU device. A second device, the Omron model 907, however, has also been developed for office use [6] and, like the BpTRU, has the capability of automatically taking multiple readings with the patient resting quietly, alone in the examining room. This study compares readings taken with these two devices in the same patients to determine whether the BP readings taken in an office setting with different devices designed for professional use are comparable.
Methods
The patient population consisted of a consecutive series of 100 patients referred to an ABPM unit in an academic health sciences centre. Basic demographic data including sex, age and treatment status were recorded for each patient. Automated office BP measurements were obtained in a quiet examining room in the ABPM unit before and after a 24-h ABP recording was performed using the BpTRU (BpTRU Medical Devices Ltd., Coquitlam, British Columbia, Canada) and Omron 907 (Omron Healthcare Inc., Bannockburn, Illinois, USA) with the order of using each device being determined by randomization. The automated office BP measurements were made with the patient seated comfortably alone in a quiet examining room before having the BP recorder attached. Upon completion of 24-h ABPM, the patient returned to the same examining room under identical conditions for the second series of automated BP measurements using the alternate device. Different cuff sizes were available for each recorder to be used according to the circumference of the patient's upper arm. The study was approved by the hospital's Ethics Review Board and written informed consent was deemed not to be necessary.
The BpTRU is designed to take an initial reading using an oscillometric technique with the observer present to verify that the cuff is in the correct position with a valid reading being obtained. The patient is then left alone and five further readings are taken at intervals of 1-5 min from the start of one reading to the start of the next one. The device calculates the mean of the five readings with the first reading being discarded. The Omron 907 also uses an oscillometric technique and is designed to perform two or three readings up to 2 min apart after a 0-10 min period of rest.
In this study, two different sets of measurements were obtained. One group of 50 patients had BpTRU readings taken at 2-min intervals and Omron 907 readings taken three times at 2-min intervals after a 5-min period of rest in order for the measurements with each device to be comparable. The other 50 patients had readings taken with the BpTRU set to record at 1-min intervals and the Omron 907 to take three readings at 1-min intervals with no period of rest beforehand.
Mean ± standard deviation values for office BP were calculated for each set of BP readings taken with the BpTRU and Omron 907 devices for each subgroup of 50 patients. All valid BP readings were included in the data analysis. Primary outcome was the mean difference in BP between the automated BpTRU and Omron 907 devices.
Results
The 100 patients enrolled in the study consisted of 42 males and 58 females, mean age 63.2 ± 12.7 years with 16 being untreated. Mean values for the automated office BP recordings taken at 1 or 2-min intervals with the BpTRU and Omron 907 devices are shown in Table 1 . Mean systolic BP values for both of the automated recorders were similar using either the 1 or 2-min settings with any differences being small and not statistically significant. The mean diastolic BP reading taken at 2-min intervals with the Omron 907 device was 5.0 mmHg lower (P < 0.001) compared with the mean value with the BpTRU. The order in which the automated BpTRU and Omron 907 readings were taken did not affect the results.
A significant (P < 0.001) correlation between the BpTRU and Omron 907 systolic/diastolic BP ( Table 2) for readings taken at 1-min (r = 0.779/r = 0.881) and at the 2-min (r = 0.870/r = 0.876) settings was observed.
Discussion
Earlier reports on automated BP recording devices in the office setting with patients seated alone in a quiet examining room have almost exclusively used the BpTRU device [7] [8] [9] [10] . The Omron 907 was also developed for professional use under similar conditions to the BpTRU [6, 11] , but its accuracy in determining a patient's BP status has not been previously studied in a clinical setting. In this study, each of these devices was evaluated in a quiet examining room in an ABPM unit.
Both BpTRU and Omron 907 devices gave similar values for mean systolic BP when readings were taken at either 1 or 2-min intervals. Mean diastolic BP for the 1-min setting was also similar for the two devices. The Omron 907, however, exhibited a significantly lower mean diastolic BP readings when taken at 2-min intervals. It is noteworthy that the Omron 907 readings were obtained during a 3-min period without any resting time before hand.
The observation that the Omron 907 device tends to read diastolic BP several mmHg lower is consistent with the results of the original validation studies for the Omron 907 [6, 11, 12] , in which the mean diastolic BP was about 4 mmHg lower than readings taken with a mercury sphygmomanometer. By comparison, in the validation study for the BpTRU, the mean systolic/diastolic BP readings were -0.2/ -1.4 mmHg lower than the reference BP taken with a standard mercury sphygmomanometer. In these studies, Bland-Altman plots did not show any trends towards greater differences between the readings taken with the mercury sphygmomanometer and the automated devices at higher or lower BP values. All 'r' values were statistically significant (P < 0.001). BP, blood pressure.
The optimum frequency for measuring BP in the office using the automated BpTRU device was recently evaluated in a total of 500 patients [13] . Overall, BP readings recorded using the BpTRU were 1-3 mmHg lower than the mean awake ABP for systolic BP and 1-4 mmHg lower for diastolic BP measurements. Differences in BP were similar in both hypertensive and nonhypertensive individuals.
Considering these differences, it is important to remember that there is no perfect method for the measurement of BP, especially in various clinical settings. For this reason, standard criteria for the validation of automated BP recording devices such as the British Hypertension Society [14] , Association for the Advancement of Medical Instrumentation [15] and International Protocol [16] allow for differences within 5 mmHg as observed with the Omron 907 in this study.
In conclusion, the assessment of BP in the office can be performed with reasonable accuracy and reliability over a 3-5 min period using either of the automated sphygmomanometers evaluated in this study, the BpTRU or the Omron 907.
